We aim to explore the associations between serum uric acid (SUA) and obesity and cardiocerebrovascular events (CCEs) in Chinese inpatients with type 2 diabetes mellitus (T2DM). 2 962 inpatients with T2DM were stratified into quartile based on SUA concentrations. There were significant increases in the prevalence of both obesity (32.6%, 41.9%, 50.1%, and 62.8%, respectively, p < 0.001 for trend) and severe obesity (0.4%, 0.6%, 0.8%, and 1.3%, respectively, p < 0.001 for trend) across the SUA quartiles. A fully adjusted multiple logistic regression analysis revealed that SUA quartiles were independently associated with the presence of obesity (p < 0.001). The prevalence of CCEs was significantly higher in the obese diabetics than in the nonobese diabetics (16.8% vs. 13.2%, p = 0.027). After controlling for multiple confounding factors, BMI levels were also significantly correlated with the presence of CCEs (p = 0.020). However, there was no significant association of SUA quartiles/SUA levels with the presence of CCEs in T2DM. This study suggested that SUA levels were independently associated with obesity but not with CCEs in patients with T2DM. In selected populations such as subjects with T2DM, the role of uric acid in cardiovascular complications might be attributable to other cardiovascular risk factors, such as obesity.
In recent decades, the epidemic of hyperuricemia, obesity, cardiovascular and cerebrovascular diseases, which have cast heavy health and economic burden to the world 1, 2 , have attained increasing recognition. Epidemiological and clinical evidence supports the strong link between serum uric acid (SUA) and obesity in different populations. For example, Dai et al. 3 performed a cross-sectional study, including 27 009 middle-and old-age Chinese subjects, observed that BMI significantly increased with increasing SUA quintiles.
On the other hand, increasing evidence also demonstrates the tight association between obesity and cardio-cerebrovascular diseases in different populations [4] [5] [6] [7] . For example, a collaborative analysis of 58 prospective studies, totally including 1.87 million person-years in risk, indicated that with BMI, the hazard ratio (HR) for cardiovascular disease (CVD) was 1.07 after further controlling age, sex, smoking status, blood pressure, total and HDL cholesterol and history of diabetes mellitus 7 . However, the true relationships between SUA and atherosclerosis and cardiovascular complications still remain controversial. Although quantities studies have reported the positive association between SUA and cardiovascular diseases and mortality, it is still unclear whether SUA represents an independent causal risk factor or just confounded by other risk factors 8, 9 . Several epidemiological studies have tried to elucidate if SUA is an independent risk factor for ischemic stroke, total cardiovascular diseases and cardiovascular mortality in general Scientific RepoRts | 7:40009 | DOI: 10.1038/srep40009
and diabetic populations [10] [11] [12] [13] . For example, an earlier cohort study based on 83 683 Austrian men indicated that SUA was an independent predictor of cardiovascular mortality 13 . Also for stroke, compared to the lowest quintile of SUA, adjusted HR for the highest SUA quintile was 1.59 13 . However, substantial uncertainties on the importance of SUA in the prediction and evaluation of cardio-cerebrovascular risk remain, because uric acid is also strongly linked to other cardiovascular risk factors such as obesity, hypertension, diabetes mellitus, and metabolic syndromes, which may contribute to increased cardiovascular risk and mortality. Therefore, the observed associations of increased SUA concentrations with cardiovascular risk might be the consequences of confounding effects and merely a marker of risk for cardio-cerebrovascular diseases. For example, the British Regional Heart Study, a large prospective study including 7 735 men, showed that SUA was positively associated with risk for major coronary heart disease events. However, after fully adjusting for lifestyle factors and disease indicators, the causally independent relationship between SUA and major coronary heart disease events was no longer significant 14 . Furthermore, a variety of studies have examined the relationship between SUA and cardiovascular risk in different populations, but few studies have focused on the associations between SUA and obesity and cardio-cerebrovascular events (CCEs) in Chinese patients with Type 2 diabetes mellitus (T2DM). Therefore, the aims of this study were to examine the associations between SUA and obesity and CCEs in hospitalized Chinese patients with type 2 diabetes.
Methods
Subjects and study design. The study was carried out in accordance with the "Declaration of Helsinki" and approved by the human research ethic committee of Shanghai Jiao Tong University Affiliated Sixth People's Hospital, and all patients had signed written informed consent. This cross-sectional study was partly based on data used in our previous study [15] [16] [17] [18] . Briefly, 3 598 inpatients with type 2 diabetes mellitus were consecutively observed. The patients who had taken any drug that might affect uric acid metabolism, such as losartan, furosemide and allopurinol were excluded. Finally, 2 962 patients including 1 676 men and 1 286 women were enrolled in our study. According to the SUA quartiles, the patients were divided into four groups. All patients were interviewed to obtain their history of hypertension (HTN), cardio-cerebrovascular events (CCEs), medicine use including metformin, lipid-lowering drugs (LLDs), antihypertensive agents (AHAs) and insulin or insulin analogues (IIAs), alcohol consumption and smoking habits. The definitions of smoking, alcohol consumption, and HTN were based on our previous criteria 15, 16 . The definition of CCEs was also according to our previous study 15, 18 . In brief, CCEs was defined as a history of transient ischemic attack, ischemic stroke, hemorrhagic stroke, angina, myocardial infarction, angioplasty, or coronary artery bypass surgery.
Physical examinations and laboratory measurements. The physical examinations and laboratory measurements were carried out according to our previous studies 15, 19, 20 . Physical examinations such as weight, height, waist circumference, hip circumference and blood pressure were conducted following standardized protocol. The waist-to-hip ratio (WHR) was defined as waist circumference divided by hip circumference. Body mass index (BMI) was defined as weight divided by height 2 . Blood samples were obtained to measure SUA, fasting plasma glucose(FPG), 2-h postprandial plasma glucose (2 h PPG), fasting C-peptide(FCP), 2-h postprandial C-peptide (2 h PCP), glycosylated hemoglobin A1c (HbA1c), total triglycerides (TTG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), alanine aminotransferase (ALT), creatinine (Cr), C-reactive protein (CRP). The 24-h urinary albumin excretion (UAE) was measured as average of three separate early morning urine samples during hospitalization. The estimated glomerular filtration rate (eGFR) was calculated by equation Statistical analysis. All data was analysed by SPSS 15.0. Normally distributed data was expressed as mean ± SD, whereas non-normally distributed data as medians or percentages (interquartile range 25-75%). For normal distributed variables, one-way ANOVA with LSD was performed to determine differences among groups. And kruskal-Wallis test was used for non-normal distributed variables. The chi-square test was used to compare the prevalence data and frequency differences. The partial correlation was used to determine the relationship between SUA and BMI. The binary logistic regression was applied to access the association of SUA/BMI with CCEs and the association between SUA quartiles and obesity. P < 0.05 was considered statistically significant.
Results
Clinical and laboratory data of the patients. The clinical characteristics of the patients according to SUA quartiles are shown in Table 1 . Patients were stratified into quartiles based on SUA concentrations with the cutoff limits of < 257, 257-311, 312-374, > 374 umol/l. The patients with higher SUA quartiles were more likely to be men as expected. After adjustment for age and sex, prevalence of HTN, rate of use of metformin and IIAs and LLD and AHAs, SBP, DBP, BMI, WHR, FCP, 2 h PCP, TTG, TC, ALT, Cr and 24 h UAE progressively increased across the SUA quartiles (all p < 0.05). FPG, 2 h PPG, HbA1c, HDL-C and eGFR progressively decreased from the lowest SUA quartile to the highest quartile (all p < 0.05).
Comparison of obesity between the SUA quartile groups. Figure 1 shows the comparison of obesity between SUA quartiles groups after controlling for age, sex and diabetic duration (DD). The prevalence of obesity significantly increased with the increasing SUA quartile (32.6%, 41.9%, 50.1% and 62.8% for the first, second, third and fourth quartiles, respectively, p < 0.001 for trend) (Fig. 1A) . Moreover, there was also a significantly increasing trend in the prevalence of severe obesity across the SUA quartiles (0.4%, 0.6%, 0.8% and 1.3%, respectively, p < 0.001 for trend) (Fig. 1B) . Furthermore, the SUA concentrations markedly increased with rising BMI among underweight, normalweight, overweight and obesity groups (p < 0.001 for trend) (Fig. 1C) . Interestingly, the patients with more severe obesity tended to have higher SUA concentrations (p = 0.002 for trend) (Fig. 1D ).
Correlation between SUA and BMI. Figure 2 presents the correlation between SUA and BMI in all patients with T2DM. After adjusting for age, sex, and DD, the partial correlation analysis demonstrated the strongly positive correlation between SUA and BMI (R = 0.278, p < 0.001).
Comparison of CCEs. Figure 3 demonstrates the comparison of CCEs in different groups. The prevalence of CCEs increased with the increasing SUA quartiles (10.9%, 15.0%, 15.4% and 18.3%, respectively), but no significant difference was observed after adjustment for age, sex, and DD (p = 0.140 for trend) (Fig. 3A) . However, the prevalence of CCEs in the patients with obesity was significantly higher than those without obesity even controlling for age, sex, and DD (16.8% vs. 13.2%, p = 0.027) (Fig. 3B) .
Association of SUA quartiles with obesity. Table 2 presents the association of SUA quartiles with obesity in all patients with T2DM. After adjustment for age, sex, DD, HTN, smoking, and alcohol drinking (model1), the SUA quartiles were independently associated with an increased prevalence of obesity (p < 0.001 for trend). After additional adjustments for SBP, DBP, and the use of LLDs and AHAs and IIAs and metformin (model 2) and for ALT, TC, TTG, LDL-C, HDL-C, CRP, HbA1C, FPG, 2 h PPG, FCP, 2 h PCP, Cr, UAE, and eGFR (model 3), the SUA quartiles were still independently correlated with the increased prevalence of obesity (p < 0.001 for model 2 and 3). Compared with the lowest SUA quartile, the OR for obesity in the highest SUA quartile was 1.821 (95%CI, 1.373-2.414) after controlling multiple confounding factors (model 3). Association of SUA/BMI with CCEs. Table 3 displays the associations of SUA/BMI levels with CCEs. After controlling for multiple confounding factors, we failed to observe an independent association of SUA quartiles with the prevalence of CCEs (p > 0.05 for all models). However, similar to the association between SUA quartiles and obesity, BMI was also independently associated with the prevalence of CCEs (p < 0.001 for model 1, p = 0.013 for model 2, p = 0.012 for model 3, and p = 0.020 for model 4, respectively) after controlling multiple confounding factors.
Discussion
Nowadays, hyperuricemia, obesity and atherosclerosis and its complications, such as cardiovascular diseases, have aroused extensive concern for public health in the international community because of their high prevalence worldwide, serious health consequences and substantial economic burden. Many epidemiological studies have tried to reveal the complex associations among them. However, substantial uncertainties still remain. Therefore, we conducted this hospital-based cross-sectional study to explore the associations between SUA and obesity and CCEs. Results of this study confirmed the strong association between SUA and obesity, and also showed the strong relationship between obesity and CCEs. However, our study observed the absence of a relationship between SUA and CCEs after adjustment for other risk factors especially obesity in Chinese patients with type 2 diabetes.
We observed that the prevalence of obesity steadily increased across SUA quartiles, and SUA levels tightly and independently related to obesity in T2DM even after controlling for other obesity risk factor, such as age and use of insulin. In a recent study, we also found that both BMI and WHR significantly increased with the increase of SUA concentrations in T2DM 19 . Consistent with our results, several epidemiological studies have also shown positive relationship between SUA and obesity [22] [23] [24] . For example, in a 10-year follow-up study, Rathmann et al. found that the BMI in all race-sex-groups significantly increased with increasing uric acid level 25 . Furthermore, not only 
ORs (95% CI)
P values for trend Q1 Q2 Q3 Q4 elevated SUA concentrations were associated with the increasing risk of obesity, but obesity was also associated with higher risk of hyperuricemia. For example, Tanaka et al. 26 found that BMI was significantly associated with SUA in Japanese adult twins, after adjusting for both genetic and familial environment factors. Interestingly, a prospective longitudinal study including 60 subjects with T2DM and severe obesity (BMI > 35 kg/m 2 ) reported the significant reduction in SUA concentrations (p = 0.0002 compared with baseline) after bariatric surgery, which led to an average 34.3 kg weight reduction, while no change in SUA after non-surgical weight loss of more than 5 kg 27 . Therefore, weight-loss surgery may be an efficient therapy to lower SUA concentrations in the subjects with obesity, especially with severe obesity.
In addition to strong association with SUA, obesity is also closely associated with a number of other conditions such as diabetes mellitus, dyslipidaemia, atherosclerosis, and cardiovascular complications [28] [29] [30] [31] [32] . Among these disorders, atherosclerosis and its complications such as coronary artery disease and stroke are among the leading cause of morbidity and mortality in type 2 diabetes. In general, obesity is thought to exert detrimental effects on the cardio-cerebrovascular system, which lead to increased cardiovascular and cerebrovascular risks in T2DM. Therefore, in the present study, we also found obesity strongly associated with CCEs based on multiple regression analysis. In consistence with our study, multiple clinical and epidemiological studies reported the clear and strong link between obesity and CCEs in different populations [28] [29] [30] [31] [32] . For example, The 45 and Up Study, a large-scale Australian cohort study, investigators analyzed the correlation between BMI and incident hospitalization for cardiovascular disease among 158 546 participants, and confirmed that with increasing BMI, the risk of hospitalization for cardiovascular disease subtypes such as angina and acute myocardial infarction were significantly increased 31 . Moreover, obesity not only links to CVD events, but also relates to cerebrovascular events. For example, Strazzullo et al. 32 performed a meta-analysis including 25 prospective studies to explore the association between overweight, obesity and incidence of stroke. They demonstrated that the association between BMI and stroke mortality was J-shaped, and that both overweight and obesity are significantly related to progressively increasing risk of ischemic stroke independent of other cardiovascular risk factors 32 .
Although the markedly positive association between SUA and obesity, and also between obesity and CCEs were observed, we failed to find the direct relationship between SUA and CCEs after adjustment for age, sex, and DD. The present findings accord with our recent studies 19, 20, 33 . These studies showed that increased SUA concentrations were closely associated with HTN, metabolic syndrome, and decreased urine uric acid excretion (UUAE) was significantly related to both diabetic retinopathy and chronic kidney disease in type 2 diabetes 19, 20, 33 . Furthermore, HTN, metabolic syndrome, diabetic retinopathy and chronic kidney disease were closed associated with atherosclerosis in patients with type 2 diabetes 19, 20, 33 . Currently, it is accepted that HTN, metabolic syndrome, diabetic retinopathy and chronic kidney disease were important risk factors for atherosclerosis and its cardiovascular complications. However, both SUA and UUAE levels were not associated with carotid and lower limb atherosclerosis in type 2 diabetes 19, 20, 33 . Therefore, our recent studies further indicate that the role of uric acid in atherosclerosis and cardiovascular diseases is indirect and may result from other cardiovascular risk factors such as HTN, chronic kidney disease and obesity.
Presently, the results regarding the true relationship between SUA and atherosclerosis and its complications such CCEs have been conflicting in different studies. Although several studies found that elevated SUA was an independent risk factor for independently predicted CCEs [34] [35] [36] , some other studies have reported that SUA is not an independent risk factor for CCEs in different population including diabetic population 14, 37, 38 . Furthermore, there have also been convicting studies argued that elevated SUA concentration is merely a risk marker for CCEs, and the correlation between SUA and CCEs is equally poor 39, 40 . Also, The Framingham Heart Study, a follow-up of 117 376 person-years, reported that in stepwise Cox models, after additional adjustment for risk factors, the correlation between SUA and cardiovascular events diminished, and diuretic use was identified as the covariate factor 37 . In addition, Panero et al. 40 confirmed that there was no significant association between SUA and cardiovascular mortality. Instead, SUA was closely related to the metabolic syndrome components including hypertension, obesity and dyslipidemia, which provided higher cardiovascular risk. It is well known that hypertension, obesity and dyslipidemia are traditional cardiovascular risk factors, which lead to increased morbidity and mortality of cardiovascular diseases. Furthermore, Palmer et al. 38 analyzed variation at uric acid-related genes SLC2A9 and BMI-related gene including FTO, MC4R, and TMEM18, and indicated that there was no evidence to support the causal link between SUA and ischaemic heart disease.
Given the absence of association between SUA and CCEs, and the presence of association of obesity with both SUA and CCEs, we speculated that in selected populations, such as those with T2DM, the association of SUA with atherosclerosis and its complications may be indirect and mediated by other cardiovascular risk factors such as obesity, diabetic retinopathy and chronic kidney disease. Our recent studies also support this view 19, 20, 33 , in which both SUA and UUAE are closely associated with cardiovascular risk factors including HTN, metabolic syndrome, diabetic retinopathy and chronic kidney disease, but not with atherosclerosis in T2DM. Also, Viazzi et al. 41 reported uric acid is a reliable predictor of blood pressure over time in Children at Cardiovascular Risk. And a study based on Chinese community-dwelling population reported that SUA are significantly associated with BMI, blood pressure and dyslipidemia, which are cardiometabolic risk factors 42 . Among these cardiovascular risk factors, for example, HTN plays an important role in the formation and progression of atherosclerotic lesions and its cardiovascular complications, and has been recognized as one of the most risk factors for cardiovascular and cerebrovascular diseases. Therefore, these cardiovascular risk factors might be chains that link uric acid with atherosclerosis and cardiovascular risk in T2DM. The true role of uric acid in atherosclerosis and its complications is ambiguous and need further clarification.
There are several limitations should be noted. First of all, the cross-sectional nature of the data cannot prove cause-effect relationships between SUA and obesity and CCEs. We therefore could not assess the temporal association between SUA and CCEs risk factors. In addition, all participants were Chinese inpatients with T2DM, the conclusion of our study may not apply to other ethnic populations. Furthermore, the mechanism underlying the true relationship between SUA and obesity and CCEs still remain to explore.
In conclusion, our findings suggest that SUA is closely related to obesity but not to CCEs in Chinese patients with T2DM. Contrary to SUA, obesity is an independent risk factor for CCEs in patients with T2DM. In selected populations, such as those with T2DM, the association between SUA and CCEs might be attributable to other cardiovascular risk factors, such as obesity. Prospective studies are required to clarify the causal associations of SUA with obesity and CCEs in T2DM.
